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ABSTRACT 

Makdisi-Ilyas,  Faiz.  M.S.C.E. ,  Purdue  University,  June  19T2. 
The  Effect  of  Plasticity  and  Quantity  of  Fines  on  Stability  of  Soil- 
Gravel  Mixtures.  Msijor  Professor:   E.  J.  Yoder. 

This  thesis  reports  the  results  of  a  laboratory  investigation  of 
the  effects  of  quantity  and  quality  of  fines  on  the  stability  of  soil- 
gravel  mixtures  ob   measured  by  the  Texas  triaxial  test.  Thirty  six 
different  ccjmbinatlons  were  tested  at  their  optimum  moistiire  content. 
Five  tests  were  r\in  on  each  mixture  and  three  different  lateral  pres- 
sures vere  used. 

The  granvilar  portion  of  the  mixes  was  a  locally  available  terrace 
gravel  used  in  combination  with  three  types  of  soil  having  different 
plasticities.  The  gradations  of  the  samples  were  kept  constemt  down 
to  the  passing  No.  8  sieve  portion  and  from  there  they  were  varied  to 
obtain  skip-graded  specimens  sis  well  sis  well  graded  ones.  These  grada- 
tions essenticdly  confirmed  with  Indiana  specification  No.  53   aggregate. 

The  tests  used  in  this  study  were: 

1.  Atterberg  limits  tests; 

2.  Compaction  tests; 

3.  Texas  triaxial  compression  test. 

The  test  data  were  analyzed  statistically  using  regression  and 
analysis  of  veuriance  techniques.  It  was  determined  that  a  low  percent 
of  the  material  passing  No.  30  sieve  was  desirable  psurticularly  if  the 
dust  ratio  (ratio  of  percent  passing  No.  200  sieve  to  percent  pajssing 
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No.  30  sieve)  was  high.  For  this  case  high  plasticity  indices  (15!?  - 
20!?)  did  not  harm  the  mixture.  When  the  percent  passing  No.  30  sieve 
became  high,  mixtures  with  low  dust  ratios  were  more  stable  and  high 
plasticity  indices  had  em  adverse  effect  on  the  stability  of  the  mix- 
tures . 


INTRODUCTION 

Most  specifications  for  base  materisQ-s  require  that  the  plasticity- 
index  (P.  I.)  of  the  passing  No.  Uo  portion  of  the  mix  be  no  greater 
than  6%   and  that  the  liquid  limit  (L.  L. )  be  no  greater  than  255^.  The 
origin  of  these  limits  dates  back  to  1936  when  Hogentogler  and  Willis (10) 
concluded,  "For  base  courses  the  material  passing  the  #1»0  sieve  sho\ild 
have  a  plasticity  index  of  not  more  than  6  and  a  liquid  limit  not  more 
than  25." 

Carpenter  and  Willis (U, 5)  arrived  at  the  same  conclusion  after 
conducting  circular-track  tests  on  sand-clay,  and  gravel- sand- clay 
materials.  Table  1  shows  the  specifications  they  set  for  gravel-sand- 
clay  mixtxires. 

The  results  mentioned  above  were  then  adopted  by  AASHO.  These 
specified  values  of  plasticity  index  (P.  I.)  and  liquid  limit  are 
widely  used  by  many  highway  departments.  Along  with  this,  specifica- 
tions generally  require  that  the  material  be  well  graded,  and  special 
emphasis  is  placed  on  the  amount  of  fines  permitted  in  the  mix. 

It  is  believed  that  these  limits  are  in  certain  cases  somewhat 
restrictive.  For  example,  when  the  amount  of  fines  contained  in  the 
base  course  is  low,  it  may  be  possible  to  permit  some  leeway  in 
plasticity  requirements  without  causing  great  harm  to  the  mix.  This 
would  be  particularly  true  for  areas  that  are  not  subjected  to  frost 
action. 
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Many  factors  influence  properties  of  soil-aggregate  mixtures 
including  permeability,  grain  size  distribution,  density,  maximum  size 
of  aggregate,  type  of  aggregate .particle  shape  and  plasticity.  These 
variables  affect  the  behavior  of  base  materials  in  a  complex  and  inter- 
related mauiner.  The  vork  done  herein  attempts  to  separate  some  of 
these  variables  and  concentrate  on  the  interrelated  effects  of  plasti- 
city, the  amount  of  material  passing  No.  30  sieve,  and  the  amount  of 
fines  (passing  No.  200  sieve)  on  the  stability  of  soil-gravel  mixes. 


PURPOSE  AND  SCOPE 

The  piirpose  of  this  study  is  to  investigate  the  effect  of:  varying 
the  amount  of  material  passing  the  No.  30  sieve;  the  amount  of  fines 
passing  the  No.  200  sieve;  and  the  quality  of  these  fines  on  stability 
of  gravel-soil  mixtures  used  as  measured  by  the  triaxial  test.  It  is 
realized  that  the  factors  affecting  the  properties  of  soil-aggregate 
mixtures  are  many;  however,  as  mentioned  earlier  emphasis  was  placed 
on  evaluation  of  the  effect  of  quantity  auid  quality  of  fines  on 
stability  because  it  was  felt  that  the  specifications  for  these  may 
be  restrictive  in  some  cases. 

The  material  used  was  graded  between  the  1"  and  No.  8  sieves 
according  to  the  following  equation: 
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where: 

P  =  percent  by  weight  finer  than  a  given  sieve. 

d  s  size  of  sieve  opening  in  question. 

D  =  maximxim  size  of  aggregate. 

The  gradation  curve  for  this  equation  lies  within  the  limits  of 
Indiana  No.  33   aggregate (11 ). 

A  completely  randanized  3x3xU  factorial  design  was  used.  Three 
levels  of  percent  passing  No.  30  sieve,  three  types  of  fines  (material 
passing  the  No.  200  sieve),  and  fo\ir  levels  of  dust  ratio  were  tested. 


Dust  ratio  is  defined  as  the  ratio  of  the  amount  of  material  passing 
No.  200  sieve  to  the  amount  of  materieil  passing  No.  30  sieve. 

The  three  levels  of  percent  material  passing  the  No.  30  sieve  were 
10  percent,  15  percent,  and  20  percent  respectively.  The  four  levels 
of  dust  ratios  were  1.0,  0.75,  0.5  and  0.25.  The  three  types  of  fines 
were:   Crosby  soil  (low  compressibility  clay),  Brookston  soil  (moder- 
ately compressible  clay),  and  Limestone  Residual  (highly  compressible 
clay). 

The  properties  that  were  kept  constant  in  this  study  were:  the 
maximiom  size  of  gravel;  the  quality  of  the  gravel,  such  eis  hardness 
and  roughness;  and  the  gradation  down  to  the  No.  8  sieve.  The  study 
was  restricted  to  gravel  aggregates  with  no  crushed  x>articles. 


REVIEW  OF  LITERATURE 

Many  individuals  have  investigated  the  properties  of  base  course 
and  subbase  course  materials.  These  studies  have  included  evetluations 
based  on  laboratory  tests  as  well  as  field  performances. 

Yoder(l6)  studied  the  effect  of  the  amovint  of  fines  on  the  CBR  of 
soil-Eiggregate  mixtures.  The  results  of  this  study  indicated  that 
maximum  dry  density  of  materieils  vith  maximum  size  aggregate  of  3/^" 
occvirred  with  about  8-10  percent  passing  the  No.  200  sieve,  and  that 
maximum  California  Bearing  Ratio  (CBR)  occurred  with  about  6-8  percent 
passing  the  No.  200  sieve.  In  this  study  the  plasticity  of  the  fine 
fraction  was  held  constant.  Figure  1  euid  Figure  2  show  the  variation 
of  density  and  CBR  with  the  amount  of  fines. 

Deklotz{7)  studied  the  effect  of  the  quality  of  soil  (designated 

PI 
by  77-  X  100)  on  the  stability  as  determined  by  California  Bearing  Ratio. 

His  tests  indicated  that  there  was  a  definite  relationship  between  the 
quality  and  quantity  of  soil  and  the  stability.  He  also  concluded  that 
the  practice  of  rejecting  aggregates  on  the  basis  of  Atterberg  limits 
tests,  without  consideration  for  the  relative  Importance  of  the  quantity 
of  soil  in  the  mix,  may  often  be  uneconomical.  A  summary  of  his  resvilts 
are  shown  in  Figures  3,  U,  and  5.  Figure  3  shows  the  vauriation  of  bear- 
ing value  (CBR)  with  percent  soil  passing  No.  Uo  sieve  and  it  appears 
that  there  is  an  optimum  amount  of  passing  No.  Uo  sieve  for  which  the 
strength  is  maximum.  It  may  be  noted  that  the  higher  the  plasticity 
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FIGURE    I.      Variation  of  density  ond  California  Bearing  Ratio  with   quonlty  of 
fines  (gravel). 
(From   Yoder,    PRINCIPLES  OF  PAVEMENT   DESIGN,     1959) 
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FIGURE    2.      Variation  of  density  and    Colifornio  Bearing   Ratio  with  quanity  of 
fines  (crustied  stone). 
(From   Yoder,   PRINCIPLES    OF   PAVEMENT    DESIGN,    1959) 
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the  lees  ia  the  strength.  Figure  U  shove  the  effect  of  "D"  (^)  on  the 
CBR  for  different  percentages  of  soils.  Figure  5  ccmbines  the  two 
figures  in  one  by  having  the  absiccae  as  the  product  of  percent  soil 
by  "D". 

The  stability  test  used  by  Yoder(iU)  and  Dek:lotz(7)  was  the 
California  Bearing  Ratio  test.  Other  investigators  have  used  the 
triaxiea  test  for  evaluation  of  granular  mixtures. 

Gray (9)  studied  the  effect  of  quantity  and  plasticity  of  fines  on 
gravel  and  crushed  stone  materials  utilizing  the  triaxieQ.  test.  He 
concluded  that  for  different  maximum  sizes  there  are  different  optimum 
amounts  of  passing  No.  200  material  that  will  give  maximum  strength. 
He  suggested  that  a  grading  curve  approaching  n  =  1/3  in  the  equation 
P  .  (^)^'-^(lOO)  as  the  most  desirable. 

Jewell(l2)  investigated  the  suitability  of  the  AASHO  specifica- 
tions for  plasticity  and  concluded  that  these  limits  are  restrictive 
for  conditions  in  Western  Australia.  His  experimental  program  included 
CBR  tests,  Texas  triaxial  tests,  and  field  investigations.  Of  the  20 
materials  evaluated  by  Jewell,  only  six  met  the  AASHO  index  limits;  15 
of  the  20  mixtures  had  shown  satisfactory  resvilts  in  the  field  even 
though  they  had  PI  values  as  high  as  17  to  18  percent.  It  is  believed 
that  the  excellent  performance  results  reported  by  Jewell  can  be 
explained  in  part  by  the  low  quantity  of  fines  contained  in  the  mixtures 
he  eval\iated.  It  should  be  remembered  that  Western  Australia  is  a 
non-frost  area  and  the  results  of  the  study  must  be  modified  accord- 
ingly. 

The  A  t  H  Engineering  and  Testing  CorporatiOB(2)  conducted  a 
study  into  the  "Physical  Properties  of  Illinois  Aggregates  Affecting 
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Load  Bearing  Strength  and  Performance".  The  effect  of  the  dry  density 
of  the  mixture  on  stability  was  dramatic.  For  example,  j-ncreaaing  the 
density  of  the  crushed  stone  from  138  to  ll+3  pounds  per  cubic  foot 
resulted  in  an  increase  in  the  triiucial  compressive  strength  of 
approximately  50  percent.  As  for  the  optimum  quantity  of  fines,  they 
concluded  that  for  crushed  stone  it  is  approximately  nine  percent  and 
for  gravel  it  is  approximately  11  percent.  There  vas  a  significant 
reduction  in  the  strength  of  the  granular  materials  when  the  quantity 
of  fines  varied  from  optimum.  With  reference  to  the  plasticity  index, 
they  concluded  that  as  the  PI  increases  the  strength  of  the  granular 
material  is  substantially  reduced.  They  believe  that  this  becomes 
more  pronounced  as  the  quantity  of  fines  increstsed,  and  "it  may  be 
concluded  that  the  lowest  PI  sho\ild  be  strived  for  to  achieve  the 
best  i)erf ormance" . 

The  Texas  Highway  Department  specifications  for  base  materials (13) 
differ  from  the  AASHO  specifications.  Texas   uses  a  triaxial  compressive 
strength  together  with  consistency  limits  and  grain  size  distribution 
for  evaluating  the  adeqxiacy  of  base  course  material.  Table  2  shows  the 
Texas  requirements  for  flexible  base  materials. 

McDowell (lU)  compared  the  AASHO  and  Texas  specifications  for  base 
materials  and  concluded  that  the  AASHO  limits  on  PI  and  LL  are  restric- 
tive for  Texas  and  that  for  Texas,  these  soil  constants  showed  no 
relationship  with  the  performance  of  roads.  He  suggested  that  the 
limits  on  PI  and  LL  be  raised  to  12  percent  and  35  percent  respectively. 
This  woiad  hold  particvaarly  for  materials  with  low  quantities  of  fines. 

Fait(8)  conducted  a  study  on  the  effect  of  physical  properties  on 
stability.  The  soil-gravel  mixtures  he  tested  indicated  a  Texas  class 


TABLE  2.  PHYSICAL    REQUIREMENTS     FOR    FLEXIBLE   BASE    MATERIAL*   (  FROM   TEXAS 
HIGHWAY    DEPARTMENT). 
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GRADES                                                                                     1 

TYPES 

GRADE  1  •   TRIAXIAL   CLASS  1 

GRADE  2  (TRIAXIAL  CLASS  1 

GRADE  3--      (UNSPECIFIED 

GRADE 

MIN- COMPRESSIVE    STRENGTH 

TO  2.3)  MIN.    COMPRESSIVE 

TRIAXIAL   CLASS 

RANGE 

4:SHavV 

PSI-45  AT  0L8,    LATERAL 

STRENGTH    PSI  35  AT  0  LB. 

PROBABLY    FROIV 

2.3    TO 

SPEC. 

PRESSURE  AND  175  AT  15  LB 

LATERAL  PRESSURE  AND  175 

3.7) 

LIMITS 

LATERAL  PRESSURE 

AT  15  LB  LATERAL  PRESSURE 

on 
PLANS 

TYPE    A 

RETAINED   ON                     % 

RETAINED    ON                     % 

RETAINED  ON 

% 

^  i 

SO   SIEVE 

SO    SIEVE 

SO   SIEVE 

<     o 

CRUSHED 

1  3/4"                               0 

1  3/4"                         0-10 

1    3/4" 

0-10 

<n       g- 

OR 

7/8"'                       8-30 

NO.  4                         45-75 

NO.  40 

60-85 

to      < 

BROKEN 

cr     < 

AGGREGATE 

3/8"                    30-50 

NO  40                       50-85 

MAXLL 

45 

°     0 

NO  4                        45-65 

MAX  LL                               40 

MAX.  PI 

15 

^       ft 
cj        CO 

NO.  40                     70-80 

MAX  PI                                  12 

WET  BALL  MILL 

55 

§    - 

MAX   LL                               3  5 

MAX  WET  BALL  MILL        50 

-  S 

MAX.  PI                                 12 

MAX.  WET  BALL  MILL     40 

MAX.  LA  WEAR +  4         40 

cc     < 

\-       OQ 

(/5     b 

RETAINED  ON                       % 

RETAINED    ON 

% 

TYPE  8 

SO;  SIEVE 

SO.  SIEVE 

<     < 

lU 

GRAVEL 

1  3/4"                             0-10 

1  3/4" 

0-5 

in     H 

3       Z 

AGGREGATE 

NO.  4                         30-75 

NO  4 

30-75 

o    cc 

NO  40                       70-85 

NO  40 

65-85 

u.     o 

MAXLL                                 35 

MAX.LL 

35 

Lij     a: 

MAX  PI                                  1  2 

MAX.  PI 

12 

Q     2 

g  8 

1-   -1 

2  i 

RETAINED  ON                     % 

RETAINED  ON 

% 

TYPE  C 

SO  SIEVE 

SO.  SIEVE 

-  < 

IRON    ORE 

2  1/2"                               0 

NO  40 

45-85 

TOP  SOIL 

NO   40                    50-85 

MAX.LL 

35 

a:    Q 

Ul      LJ 

MAX  LL                                 35 

MAX  PI 

12 

t-    w 

<      D 

MAX  PI                                     12 

2    ki 

RETAINED  ON                     % 

RETAINED  ON 

% 

TYPE    0 

SO.  SIEVE 

SO.  SIEVE 

Z  9 

SAND- 

1  3/4"                          0-10 

1  3/4" 

0-10 

£D     O 

SHELL 

NO.  4                      45-65 

NO- 40 

45-65 

LJ      W 

NO.  40                    50-70 

MAX  LL 

35 

MAXLL                              3  5 

MAX.  PI 

12 

o    UJ 

MAX  PI                                  1  2 

0.      CD 
>      CD 

'^       CO 

Q    q: 
1    ° 

RETAINED   ON                      % 

RETAINED    ON 

% 

TYPE    E 

SO.  SIEVE 

SO.  SIEVE 

SHELL  WITH 

Ul      (O 

SAND  AND 

1  3/4"          -                        0 

1   3/4" 

0 

9    < 

g     CD 

CALICHE 

NQ  40                      45-65 

NQ  40 

45-65 

ADMIXTURE 

MAXLL                                35 

MAX  LL 

35 

MAX.  PI                                  10 

MAX,  PI 

12 

f     li 

LIMIT  TESTS  MADE  AFTER   MATERIAL  IS   PREPARED   BY    WET   METHOD 
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3.1*  to  U,  whereas  the  crushed  atone  showed  a  range  of  1.0  to  2.6. 
Other  results  obtained  in  the  study  suggest  that  the  effect  of  plasti- 
city on  the  stability  of  a  soil-aggregate  mix  depends  to  a  great  degree 
on  the  amount  of  fines  in  the  mix.  When  the  amount  of  fines  is  small, 
the  effect  of  plasticity  becomes  insignificant.  As  far  as  skip  grading 
the  material,  between  the  No.  30  and  No.  200  sieves  was   concerned,  the 
soil-gravel  mixes  showed  adequate  strength  chtiracteristics  although  the 
plasticity  index  and  liquid  limit  were  above  those  specified  by  AASHO. 
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DESIGN  OF  THE  EXPERIMEHT 

The  variables  considered  in  this  study  were:  the  quantity  of 
material  between  No.  30  and  No.  200  sieves;  the  quantity  of  the  fines 
passing  No.  200  sieve;  and  the  quality  of  the  fines.  Therefore,  the 
study  was  confined  to  gravel  mixtures  of  the  same  maximum  size  and  of 
the  same  gradation  down  to  the  sieve  No.  8.  Three  levels  of  the  amount 
of  material  passing  No.  30  sieve,  four  levels  of  dust  ratio  (ratio  of 
passing  No.  200  to  passing  No.  30),  and  three  types  of  fines,  were 
utilized. 

The  experimental  investigation  was  based  on  a  3x3xU  factorial 
design  with  two  replicates  per  cell.  The  replicates  were  necessary 
to  determine  the  experimental  error  for  the  analysis  of  variance 
technique.  Three  lateral  pressxires  were  used  in  the  triaxial  test 
to  obtain  the  first  value  of  stability  in  any  cell.  These  lateral 
pressures  were  0,  7.5,  and  15  psi.  The  replicate  value  was  obtained 
from  two  lateral  pressures  (O  and  15  psi).  Five  triaxial  tests  were 
run  on  each  of  the  36  samples.  Thus,  a  total  of  l80  triaxial  tests 
were  run.  The  tests  were  run  on  the  sauries  in  a  completely  randomized 
manner.  The  replicates  were  run  after  the  first  run  was  completed  for 
all  the  samples.  In  this  way,  precautions  were  taken  so  that  the 
learning  process  and  the  time  factor  would  not  have  a  bearing  on  the 
resiilts  obtained.  The  design  of  the  experiment  is  siamnarized  in  Table  3. 
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TABLE    3.        Summory  of   Design  of   Experiment 


PERCENT 
PASSING 

NO.  30 

SIEVE 

DUST 

RATIC 

) 

1.0 

0.75 

0.50 

0.25 

10 

C 

^111 

XII2 

X121 

X122 

Yl3l 

MI32 

'1141 

'||42 

B 

M2II 

M2I2 

M22I 

"1222 

X23I 

Y232 

M24I 

M242 

R 

Y|3II 

Y312 

Y32I 

Y322 

^331 

^1332 

M34I 

Y342 

15 

C 

^21 II 

Y2112 

'2121 

Y2122 

Y2131 

Y2132 

Y2141 

Y2142 

B 

'2211 

'2212 

Y222I 

Y2222 

Y2231 

Y2232 

Y2241 

Y2242 

R 

Y 

'2311 

'2312 

Y 

'2321 

Y 

■2322 

'2331 

^2332 

'2341 

'2342 

20 

C 

■sill 

'3112 

Y 

'3121 

"3122 

'3131 

T3132 

'3141 

'3142 

B 

Y 

'3211 

3212 

Y 

'3221 

'3222 

'3231 

Y3232 

'3241 

Y 

'  3242 

R 

Y33,. 

'3312 

'3321 

'3322 

'3331 

'3332 

•3341 

•3342 

LFGEND— MATf-:RIAL     PASSING     NO^    200     SIEVE 
C-Crosby      Soil 
B-Brook5ton     Soil 
R  — Limestone    Residual 
DUSr  RAfiO-  P200  •-  R30 


r,jxi —    STABILITY     VALUE    AS    MEASURED     FROM     THE    TEXAS    TRIAXIAL    TEST     WHERE: 
1  =  1,2,3;       LEVELS     OF     PERCENTAGE     PASSING     NO.  30     SIEVE, 
j  =  l,2,3i       LEVELS     OF     QUALITY     OF     FINES, 
k=l,2,3,4i   LEVELS     OF     DUST    RATIO, 
1=1,2;  NUMBER     OF     REPETITIONS. 
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As  can  be  noted  from  Table  3,  the  advantage  of  using  the  dust 
ratio  variable  instead  of  passing  No.  200  sieve  variable  is  obvious. 
Eight  levels  of  P.  No.  200  sieve  would  have  been  necessary  to  describe 
our  mixes,  however,  four  levels  of  dust  ratio  were  sufficient. 

The  order  of  testing  the  specimens  was  determined  by  use  of 
tables  of  random  numbers,  Ostle(l5).  All  of  the  tests  were  run  at 
ramdom  including  the  compaction  tests. 

The  levels  of  the  material  passing  No.  30  sieve  and  the  dust 
ratio  levels  were  chosen  to  represent  common  ranges  of  gradations. 
They  were  not  chosen  remdomly. 
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PREPARATION  OF  MATERIALS 

The  gravel  used  in  this  study  was  obtained  locally.  The  gradation 
that  was  used  conformed  essentially  with  Indiama  Specification  size 
No.  53  aggregate.  The  maximum  size  used  was  1",  and  the  gradation  curve 
was  that  given  by  the  following  equation: 

p  =  100  yi 

Since  D  =  1",  then 

P  =  100  sfi 

Figvires  6,  7,  8,  and  9  illustrate  the  different  gradations  used. 
It  can  be  noted  that  three  different  levels  of  material  passing  No.  30 
sieve  vere  used:  10!?,  15JS,  and  20?  respectively,  and  with  each  of  these, 
four  levels  of  dust  ratio  were  used:  1.0,  0.75,  0.50,  and  0.25.  The 
dust  ratio  is  defined  eus  the  ratio  of  the  material  passing  No.  200 
sieve  to  the  material  passing  the  No.  30  sieve.  For  a  dust  ratio  of 
1.0  the  gradation  is  skip-graded  between  the  No.  30  and  No.  200  sieves 
as  shown  in  the  figures. 

The  soil  binder  (passing  No.  200  sieve)  used  in  this  study  con- 
sisted of  three  different  soils:  a  clay  of  low  compressibility,  a 
moderately  plastic  clay,  and  a  highly  compressible  clay.  These  axe 
classified  by  the  unified  system  as  CL,  CL-CH,  and  CH  respectively. 
These  classifications  were  based  on  the  PI  and  LL  being  rvm  on  the 
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portion  passing  the  No.  200  sieve.  These  soils  will  be  referred  to 
here  as  Crosby,  Brookston,  and  Limestone  Residual  respectively.  When 
they  were  mixed  with  gravel  and  sand  the  soil  limit  tests  were  th«n 
run  on  the  portion  passing  the  No.  Uo  sieve. 

Table  k   shows  the  grain  size  distribution  of  the  mixtures  used  in 
this  study  and  Table  5  shows  the  consistency  limits  for  the  fines  alone. 
Table  6  shows  the  consistency  limits  for  all  the  mixes  used,  the  tests 
being  done  on  the  passing  No.  Uo  sieve. 

The  gravel  used  was  first  washed,  dried  and  sepeurated  into  dif- 
ferent sizes  after  it  was  brought  from  the  site.  Every  size  was  stored 
in  a  different  barrel.  The  soil  part  of  the  mixes  was  obtained  locally, 
and  was  dried,  crushed,  and  sieved  through  the  No.  200  sieve.  The  por- 
tion that  parsed  through  the  No.  200  sieve  was  retained  and   stored  for 
testing.  Representative  samples  were  taken  of  these  x>ortions  and  tested 
for  the  plastic  and  liquid  limits  and  were  classified  as  shown  in 
Table  5   according  to  the  \uilfied  soil  classification  systaa. 

Testing  Procedures 
The  tests  that  were  used  in  the  experimented,  program  were: 

1.  Atterberg  limits  tests; 

2.  Compaction  tests; 

3.  Texas  triaxisLL  tests. 

The  test  mixtures  were  prepared  by  recombining  the  alreaAy  washed 
and  dried  fractions,  according  to  the  grauiations  mentioned  earlier. 
The  test  mixtures  were  put  in  the  oven  2k  hours  before  being  tested  to 
insure  freedom  from  moisture. 
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TABLE  5.      PLASTICITY    CHARACTERISTICS    OF 
VARIOUS    TYPES    OF    FINES. 


TYPE 

L.L 

PL 

PI. 

CLASSIFICATION 

CROSBY 

36.1 

21.9 

14.2 

CL 

BROOKSTON 

51.8 

25.1 

26.7 

CL-CH 

LIMESTONE 
RESIDUAL 

59.7 

27.5 

32.2 

CH 

TABLE   6.      PLASTICITY    CHARACTERISTICS 
OF   THE    VARIOUS    GRADATIONS. 


DUST  RATIO 

1.00 

0.75 

0.50 

0.25 

MATERIAL 

PI. 

LL. 

PI. 

LL 

Rl. 

LL. 

PI. 

L.L 

CROSBY 

14.2 

36.1 

12.5 

30.7 

9.1 

24.1 

Non-plastic 

BROOKSTON 

26.7 

51.8 

20.0 

41.5 

14.6 

31.2 

Non-plastic 

LIMESTONE 
RESIDUAL 

32.2 

59.7 

24.4 

46.7 

15.6 

332 

4.1 

21.0 

2k 


Atterberg  LlaltB  Tests 

The  liquid  and  plastic  limits  vere  determined  In  accordance  with 
ASTM  Designations,  DU23-61T  and  DU2U-59  respectively (2).  However,  since 
the  method  of  preparing  saiiples  was  by  reconbinlng  portions  already 
separated,  the  samples  for  the  Atterberg  tests  vere  also  recomblned  in 
the  same  manner.  Portions  retained  between  No.  Uo  and  No.  200  sieves 
vere  thoroughly  mixed  vith  the  portions  passing  the  No.  200  sieve 
according  to  the  percentages  shown  on  the  previous  gradation  curves. 

Duplicate  tests  vere  performed  on  each  sample  and  the  average  of 
the  tvo  tests  vas  used. 

Compaction  Tests 

Ccs^action  tests  vere  performed  prior  to  the  Texas  triaxicQ.  tests, 
to  determine  the  optimum  meistxire  contents  emd  the  necessary  densities 
for  compaction  of  the  samples. 

To  determine  the  optimum  moisture  content  and  the  dry  density  for 
the  Texas  triaxlal  test,  the  same  cootpactlve  effort  vas  used  in  the 
conpeictlon  test  as  in  the  triaxlal  test.  The  compaction  mold  vas  6  in. 
in  diameter  and  8  in.  in  height  and  vas  identical  to  the  triaxlal  test 
meld.  The  soil  vas  coatpacted  in  foxir  layers  vith  30  blows  applied  to 
each  layer.  A  10  lb.  hammer  vith  a  free  fall  of  l8  in. vas  used.  The 
precedxire  for  determining  the  optimum  moisture  content  and  the  maximum 
dry  density  is  the  same  as  outlined  in  AASHO  Designation  T212-63(l). 

Texeis  Triaxlal  Test 
The  method  used  here  conforms  essentially  vith  AASHO  Designation 
T212-63(l)  for  flexible  base  and  subbase  materials  vith  considerable 
amounts  of  coarse  particles  except  that  the  mixtures  vere  not  left  to 
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soak  for  h   hours  aa  specified  in  article  5.16.1  (l,  same  designation). 
In  addition,  the  specimens  were  not  subjected  to  overnight  capillarity 
as  in  article  5.16.3  (l,  same  designation),  but  rather  tested  imraedi- 
ately  after  molding.  Two  tests  were  performed  at  zero  psi ,  one  at 
7.5  psi,  and  two  at  15  psi.  The  tests  were  run  in  this  manner  because 
of  limitations  of  time  and  equipment  (one  triaxial  cell  was  available 
only). 
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RESULTS 

Test  data  are  presented  in  Appendix  A.  Table  A-1  shows  the  com- 
paction test  data  for  the  different  gravel-soil  mixtiires.  Tables  A-2, 
A-3,  and  k-h   show  the  resvilts  of  the  Texas  triaxial  tests  in  terms  of 
Texas  class,  compressive  strength  at  15  psi  lateral  pressure,  and  the 
angle  of  internal  friction,  respectively. 

The  resxilts  are  presented  in  a  manner  that  every  cell  contedns 
two  values,  one  being  the  replicate  of  the  other. 

Tables  A-5,  A-6,  and  A-7  are  similar  to  Tables  A-2,  A-3, and  A-k 
except  that  the  mean  observations  are  used  rather  than  the  replicates. 

Statistical  Aneilysis 
Both  the  analysis  of  variance  smd  the  regression  analysis  tools 
were  used  to  analyze  the  test  data.  The  analysis  of  variance  was 
used  to  help  determine  the  significant  factors,  if  any,  to  be  used  in 
the  regression  analysis.  For  example,  it  was  possible  to  establish 
from  the  analysis  of  variance  whether  the  interaction  terms  were  sig- 
nificjmt  and  if  so,  the  trends  each  conveyed;  such  as,  a  linear  by 
linear,  or  linear  by  quadratic,  or  a  linear  by  cubic  interaction  effect. 
In  addition,  when  the  main  effects  were  studied  it  was  possible  to 
determine  if  a  quadratic  term  or  even  a  cubic  term  was  necessary  in 
the  regression  equation.  These  concepts  will  be  illustrated  during 
the  discussion  of  the  detailed  ANOVA  Tables. 
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The  model  that  would  represent  the  results  of  the  experiment  had 
to  be  a  Fixed  Effects  Model  since  the  factors  such  as  the  passing 
No.  30  sieve,  the  dust  ratio,  and  the  qviality  of  the  saaterial  were  not 
selected  at  random  from  their  respective  populations. 

The  following  aneLLysis  of  veuriance  model  was  formulated  for  the 
Texas  triaxial  test  results. 

where: 

Y.  ..  »  Texas  triaxial  value  obtained  from  a  given  test, 

U  =  true  mean  effect  for  the  population, 

A.  =  true  effect  of  the  passing  No.  30  sieve, 

B  =  true  effect  of  the  quality  of  the  fines, 

C,    =  true  effect  of  the  dust  ratio, 
k 

E  /,  .  V  =  true  random  error,  normally  distributed. 

The  other  terms  denote  the  interactions  among  the  factors  A,  B, 
and  C.  The  subscripts  assume  the  values: 

i  »  1,  2,  3 

J  =  1,  2,  3 

k  =  1,  2.  3.  U 

I   =  1,2. 

To  check  the  assumption  of  the  homogeneity  of  variance,  a  computer 
program  available  at  Purdue,  called  DATASUM,  was  used.  This  program 
performs  the  Bartlett  test  and  the  Foster-Burr  test  (Q-test).  Since 
the  two  replicates  were  equal  in  many  cases,  the  Bartlett  test  could 
not  be  performed  on  most  variables.  The  results  of  the  Foster-Burr 
test  are  shown  in  Table  7  where  the  Q  statistic  shown  is  compared  with 


No.  of 
Sanples 

Q 
Statistic 

«.05 

36 

.0728 

0.129 

36 

.011k 

0.129 

36 

.0918 

0.129 

36 

.0882 

0.129 

36 

.O72U 

0.129 
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Q    obtained  from  the  Table  given  vith  DATASUM  program.   If  the  Q 
statistic  is  less  than  the  Q  __  obtained  from  the  Table,  then  the 
variables  have  homogeneous  variances. 

TABLE  T.   FOSTER-BUBR  TEST  FOR  HOMOGENEITY  OF  VARIANCE 

Variable      Average  DF   Degrees  of 
Name       Per  Sample    Freedom 

Texas  Class  1  1 

Compressive 

Str.  at  15  psi       1  1 

Angle  of  Int. 

Friction  1  1 

Ccanpressive 

Str.  at  0  psi        1  1 

Cohesion  1  1 

Since  all  the  Q  statistics  are  less  than  0.129,  the  hypothesis  of 
homogeneity  of  variance  is  accepted,  smd  there  is  no  need  of  transform- 
ing the  dependent  variables. 

Since  homogeneity  of  the  variance  is  assumed,  we  can  also  assume 
the  distribution  is  normal.  As  a  matter  of  fact,  the  F-test  is  quite 
robust  even  if  normality  is  not  strictly  satisfied.  There  is  no  reason 
to  doubt  the  assumptions  of  additivity  and  independence  of  errors. 

It  was  decided  that  only  three  dependent  variables  were  to  be  used 
in  the  analysis  of  variance  and  regression  analysis.  These  were:  the 
Texas  Triaxial  Class;  the  compressive  strength  at  15  psi  lateral  pres- 
sure; 8uid  the  angle  of  internal  friction. 

The  F-tests  were  performed  assuming  the  model  is  fixed  and  the 
design  was  a  completely  randomized  three  factor  factorieil.  The  reader 
may  refer  to  0stle(l5)  for  a  detedled  discussion  about  performing  the 
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F-testa.  The  sums  of  squares,  the  degrees  of  freedom,  and  the  mean 
squares  shown  in  the  ANOVA  Tables  8,  9,  10,  11,  12,  and  13  were  obtained 
by  utilizing  a  computer  program  available  at  Purdue,  BMD2V.  The  first 
three  tables   (8,  9,  and  10 )  are  the  usual  stuamary  ANOVA  tables,  the 
last  three  tables  (11,  12,  and  13)  are  more  detailed  tables  which  show 
trends  and  explain  whether  the  variation  is  due  to  a  linear  effect, 
quadratic,  cubic,  or  a  cranbination  of  these. 

Table  8  summarizes  the  results  of  analysis  of  variance  of  data 
presented  in  Table  A-2  (Appendix  A)  which  is  for  the  Texas  Class.   Each 
main  effect  and  interaction  was  tested  for  significance.  This  was  done 
by  taking  the  ratio  of  the  mean  square  for  the  effect  \inder  analysis 
and  the  experimenttil  error  mean  square  and  comparing  this  with  the  F- 
statistic  obtained  from  published  tables  (Ostle,  15).  The  tests  were 
conducted  at  an  a  level  of  0.05.  Significance  was  indicated  by  the 
letter  'S'  and  non-significance  by  the  letters  'NS'. 

Table  9  summarizes  the  results  of  the  analysis  of  variance  of  data 
presented  in  Table  A-3  (Appendix  A)  which  is  for  compressive  strength 
at  15  psi  lateral  pressure.  Table  10  also   svnmaarizes  the  results  of 
ANOVA  for  data  presented  in  Table  k-k   (Appendix  A)  which  is  for  the 
angle  of  internal  friction. 

An  examination  of  the  results  of  significance  tests  reduces  the 
model  that  was  previously  formulated  to: 
1.  For  Texas  Class: 


^<^v»  =  "  +  A.  +  B  +  AB.  ,  +  AC.,  +  ABC...  +  E.,^,^v 
ij^l       i    J     ij     ik      ijk    t(ijk) 
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2.  For  compreBslve  strength  at  15  psi  lateral  pressure: 

y^.i..  ■  U  +  A.  +  B,  +  a  +  AB^,  +  AC..  +  ABC.,.  ■*•  E  .^,^v 
IJkl       i    J    k     ij     ik      IJk    t(ijk) 

3.  For  angle  of  internal  friction: 

Y.  ,v.  »  U  +  A.  +  B,  +  C.  +  AB,  ,  +  AC,.  +  BC,.  +  ABC,  „  +  E,,,,^« 
ijkl       i    j    k     iJ     ik     Jk      ijk    l(ijk) 

Further  examination  of  the  detailed  AHOVA  tables  as  presented  in 
Tables  11,  12,  and  13  corresponding  respectively  to  Tables  8,  9,  and 
10  would  reveal  the  significance  of  the  qtiadratic  conponents  for  all 
main  effects.  Also  for  the  interaction  terms  the  quadratic  by  linear 
component  was  sometimes  significant.  Other  times,  the  'quadratic  by 
qviadratic'  component  vas  significant,  etc. 

The  conclusions  that  can  be  drawn  from  the  AHOVA  susamary  tables 
are  the  folloving: 

1.  The  amount  of  material  passing  No.  30  sieve  had  a  significant 
effect  on  the  strength  characteristics  as  measured  by  Texas 
Class,  the  ccmpresaive  strength  at  1^  psi  lateral  pressvire, 
and  the  angle  of  internal  friction. 

2.  The  type  of  fines  had  a  significant  effect  on  the  strength 
characteristics . 

3.  The  dust  ratio  had  also  a  significant  effect  on  the  strength 
characteristics. 

k.     The  interaction  effects  also  were  significant  and  so  they  had 
to  be  introduced  in  the  regression  equation. 
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TABLE   II.     Detailed   Analysis  of  Variance —Texas  Class 


SOURCE  OF 
VARIATION 

DEGREES   OF 
FREEDOM 

SUM   OF 
SQUARES 

MEAN 
SQUARES 

F-TEST 

F-05 

SIGNIFlCArJCE 

PASSING 

2 

.66521 

33260 

14.49 

327 

S 

/\ 

NO. 30  SIEVE 

LINEAR  (L-l) 

37630 

.37630 

16,40 

4  13 

S 

QUADRATIC    (Q-l) 

.28891 

.28891 

12.59 

4.13 

S 

TYPE  OF   FINES 

2 

,27437 

.13718 

5.98 

3.27 

S 

Q 

LINEAR    (L-2) 

.15188 

.15188 

662 

4.13 

S 

QUADRATIC  (0-2) 

.12250 

.12250 

5.34 

4.13 

S 

DUST  RATIO 

3 

,19177 

.06392 

2  79 

2.88 

NS 

C 

LINEAR  (L-3) 

04117 

.04117 

1.79 

4.13 

NS 

QUADRATIC  (0-3) 

01253 

.01253 

4.13 

NS 

CUBIC  (C-3) 

13806 

.13806 

6.02 

4.13 

S 

AB 

4 

.54417 

.13504 

5.93 

2.65 

s 

(L-l)X(L-2) 

.52531 

.52531 

2289 

4.13 

s 

(L-l)X(0-2) 

.00667 

.00667 

4,13 

NS 

C0-l)X(L-2) 

.00094 

.00094 

4.13 

NS 

(0-l)X(L-2) 

.01125 

.01125 

4,13 

NS 

AC 

6 

1.25062 

.20844 

9.08 

2.38 

S 

(L-l)X(L-3) 

1. 11384 

(.11384 

48  53 

4.13 

S 

(L-l)X(0-3) 

.00255 

.00255 

4.13 

NS 

(L-l)X(C-3) 

.01001 

.01001 

4.13 

NS 

(0-l)X(L-3) 

.08342 

.08342 

4.13 

NS 

lO-l)X(0-3) 

.02127 

.02127 

4.13 

NS 

(0-l)X(C-3) 

01953 

01953 

4.13 

NS 

BC 

6 

.08312 

.01384 

0.60 

2.38 

NS 

(L-ax  (L-3) 

.04004 

.0400^ 

1.75 

4,13 

NS 

(L-2)XlQ-3) 

.00021 

,00021 

4,13 

NS 

(L-2)X(C-3) 

.00038 

.00038 

413 

NS 

fO-2)X{L-3) 

01089 

01089 

4,13 

NS 

(0-2)X(0-3) 

.0136! 

.01361 

4.13 

NS 

(Q-2)X(C-3) 

.01800 

.01800 

4,13 

NS 

ABC 

12 

1.42417 

.11868 

5.17 

2.04 

S 

WITHIN 
REPLICATES 

36 

.82625 

.02295 

TOTALS 

71 

5.25969 

35 


TABLE    12.      Detailed  Analysis  of  Variance—  Compressive  Strength' 


SOURCE  OF 
VARIATION 

DEGREES    OF 
FREEDOM 

SUM  OF 
SQUARES 

MEAN 
SQUARES 

F-TEST 

F-05 

SIGNIFICANCE 

A 

PASSING 
NO.  30  SIEVE 

2 

63279935 

3163.9958 

4990 

3.27 

S 

LINEAR    (L-l) 

55105105 

5510,5105 

85.9! 

4.13 

s 

QUADRATIC    (0-1) 

8174832 

817.4832 

12.89 

4.13 

S 

TYPE  OF  FINES 

2 

2078.4311 

10392155 

16.39 

3.27 

s 

B 

LINEAR    (L-2) 

1810.5634 

1810.5634 

28.56 

4.13 

s 

QUADRATIC    (0-2) 

257.8677 

2678677 

422 

4.13 

s 

DUST  RATIO 

3 

21262344 

708.7448 

11.18 

283 

s 

C 

LINEAR  (L-3) 

1624.7751 

1624.7751 

2562 

4.13 

s 

QUADRATIC  (0-3) 

408.0272 

4080272 

6.44 

4.13 

s 

CUBIC    (C-3) 

93.4321 

93.4321 

1.47 

4.13 

s 

AB 

4 

1105.7647 

276.4412 

4.38 

265 

s 

(L-l)X(L-2) 

981.2451 

981.2451 

15.47 

4.13 

s 

(L-l)X(0-2) 

24.2004 

24.2004 

4.13 

NS 

(0-1)  X  (L-2) 

55,5104 

55.5104 

4.13 

NS 

(0-l)X(Q-2) 

44.8089 

44.8089 

4.13 

NS 

AC 

6 

9543.7964 

1590.6327 

25.09 

2.38 

S 

(L-l)X(L-3) 

8973.1517 

89731517 

141.52 

4.13 

S 

(L-l)X(0-3) 

62.7919 

62.7919 

4.13 

NS 

(L-nx(C-3) 

25  0260 

25.026C 

4,13 

NS 

(0-l)X(L-3) 

206.8316 

2068316 

326 

4,13 

NS 

(Q-l)X(0-3) 

273.6267 

273.6267 

4.32 

4.13 

S 

(Q-l)X(C-3) 

2.3690 

2.3690 

4.13 

NS 

BC 

6 

330.0822 

55.01370 

238 

NS 

(L-2)X(L-3) 

246.0375 

246.0375 

388 

4.13 

NS 

(L-2)  X  (0-3) 

50B408 

50.8408 

4  13 

NS 

(L-2)X(C-3) 

.0167 

.0167 

4,13 

NS 

(0-2)X  (L-3) 

1 

.2067 

.2067 

4,13 

NS 

(0-2)X(0-3) 

43403 

4.3403 

4.13 

NS 

(0-2)X(C-3) 

2a6402 

28.6402 

4.13 

NS 

ABC 

12 

4033.5419 

336.1285 

530 

2,04 

S 

WITHIN 
REPLICATES 

36 

2282.6200 

53.4061 

^Al 

"  I5PSI    Lfi 

klERAL  PRESSU 

TOTALS 

71 

27828.4544 

36 


TABLE   13.     Detailed  Analysis  of  Variance— Angle  of  Internal  Friction 


SOURCE  OF 
VARIATION 

DEGREES   OF 
FREEDOM 

SUM  OF 
SQUARES 

MEAN 
SQUARES 

F-TEST 

F-.05 

SIGNIFICANCE 

A 

PASSING 
NO 30  SIEVE 

2 

788.8125 

3944063 

12253 

327 

S 

LINEAR  (L-l) 

720,7500 

720750C 

223  92 

4.13 

s 

QUADRATIC  (0-1) 

68.0625 

68  0625 

21.15 

4.13 

s 

TYPE  OF   FINES 

2 

1352708 

676354 

21.01 

327 

s 

B 

LINEAR  (L-2) 

128  3802 

1283802 

3989 

4.13 

s 

QUADRATIC  (0-2) 

1 

5.8906 

6.8906 

2.14 

4.13 

NS 

DUST  RATIO 

3 

492.7882 

164  2627 

51.03 

2.88 

s 

C 

LINEAR  (L-3) 

454.5007 

454  5007 

14120 

413 

s 

QUADRATIC  (0-3) 

38  2813 

38.2813 

II  89 

413 

s 

CUBIC   (C-3) 

.0063 

.0063 

4.13 

NS 

AB 

4 

147  1667 

36.7917 

11.43 

2.S5 

s 

(L-l)X(L-2) 

124.0313 

1240313 

3853 

413 

s 

{L-l)X(0-2) 

11.3438 

11.3438 

3.52 

413 

NS 

(0-l)X(L-2) 

5104 

5104 

4.13 

NS 

(0-1)  X  (0-2) 

1  1  2813 

11.2813 

3  50 

4.13 

NS 

AC 

6 

711.1597 

118.5266 

36B2 

238 

S 

(L-l)X(L-3) 

653  4000 

653400C 

203.00 

413 

S 

(L-l)X{0-3) 

.0833 

.0833 

4.13 

NS 

(L-l)X(C-3) 

2667 

.2667 

4.13 

NS 

(0-l)X(L-3) 

51.7347 

51.7347 

16.07 

413 

S 

(0-1)  X  (0-3) 

50625 

50625 

1.57 

413 

NS 

(0-l)X(C-3) 

.6125 

.6125 

4.13 

NS 

BC 

6 

67.7847 

11.2975 

3.51 

238 

S 

(L-2)X(L-3) 

sasoio 

38.8010 

12.05 

4.13 

s 

(L-2)X(0-3) 

19.3802 

19.3802 

6.02 

4.13 

S 

(L-2)XlC-3) 

1.5844 

1.5844 

4.13 

NS 

(0-2)X(L-3) 

7.1004 

71004 

22! 

4.13 

NS 

(0-2)  X  (0-3) 

.0156 

0156 

4.13 

NS 

(0-2)X(C-3) 

.9031 

.9031 

4.13 

NS 

ABC 

12 

209  8611 

17.4884 

5.43 

Z04 

S 

WITHIN 
REPLICATES 

36 

1158750 

3.2188 

TOTALS 

71 

2668.7168 
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From  the  detailed  ANOVA  tables  some  general  conclusions  can  be 
drawn: 

1.  For  the  main  effects,  the  quadratic  component  of  variation 
was  almost  sdways  significant. 

2.  For  the  interaction  terms,  the  linear  by  linear  effect  was 
always  highly  significant.  Sometimes  the  linear  by  quadratic 
effect  was  significant;  the  cubic  by  linear  or  the  cubic  by 
quadratic  effects  vere   not  significant. 

A  final  cosment  on  the  ANOVA  tables  is  that  in  terms  of  signifi- 
cance it  can  be  seen  that  the  F-tests  on  the  angle  of  internal  friction 
(Table  10)  were  highly  significant.  The  compressive  strength  at  15  psi 
lateral  pressure  were  also  significant.  As  for  the  Texas  Class,  there 
was  significance  in  the  F-tests;  however,  not  as  impressive  as  the 
former  two.  Therefore,  it  should  be  expected  that  the  regression 
analysis  be  better  for  the  angle  of  internal  friction  and  the  compres- 
sive strength  than  for  the  Texas  Class. 

For  the  regression  analysis,  a  program  entitled  BtG>2R  was  used. 
In  this  program  the  regression  analysis  is  done  in  a  stepwise  manner(6) , 
where  the  independent  variable  that  shows  the  highest  correlation  with 
the  dependent  variable  is  entered  first  and  then  at  the  next  step  the 
next  highest  is  entered,  and  so  on.  Also,  at  every  step  there  is  a 
re-examination  of  the  variables  cOready  in  the  model  and  if  the  F-ratio 
is  no  more  significant  then  that  variable  is  removed  trcao.  the  model. 
This  program  yma   utilized  for  our  data  where  the  F-level  for  inclusion 
and  for  removal  was  taken  at  2.0.  This  F-level  was  chosen  (2.0)  so 
that  in  the  process  of  inclusion  we  could  incorporate  an   adequate  nvm- 
ber  of  variables;  however,  in  the  final  model  the  variables  that 
remained  were  those  that  had  a  significant  F-value. 
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The  original  independent  variables  used  in  this  study  were  the 
quantity  passing  No.  30  sieve,  the  dust  ratio,  the  plasticity  index, 
and  the  liqtiid  limit.  The  dependent  veu-iables  used  in  this  study  were 
the  Texas  Class,  the  compressive  strength  at  15  psi  and  the  angle  of 
internal  friction.  In  addition  to  the  original  four  independent  varia- 
bles some  other  independent  variables  were  entered  by  using  transgen- 
eration  ceo'ds.  These  cards  were  used  to  transform  any  of  the  independent 
variables  to  another  form  such  as  its  quadratic,  cubic,  or  any  combina- 
tion with  emother  original  independent  variable.  Since  there  were  36 
samples  with  two  replicates  per  sample,  the  computer  program  was  run 
first  for  72  observations  and  then  it  was  re-run  for  36  mean  observa- 
tions . 

The  models  obtained  were  examined  critically  and  the  adequate  ones 

2 
were  chosen.  Their  adequacy  was  determined  by  examining  the  R  which 

measures  the  "proportion  of  total  variation  about  mean  Y  explained  by 

the  regression"  (ref.  6).  Also  examination  of  the  standard  error  was 

helpful.  Finsdly  an  examination  of  the  nimiber  of  terms  included  and 

their  nature  was  taken  into  consideration. 

As  a  result  of  the  above  it  was  decided  that  a  model  for  the  Texas 
Class  would  not  be  significant  although  this  does  not  exclude  the 
I)ossibility  of  the  existence  of  a  model  that  could  not  be  attained 
because  of  the  values  of  the  Texas  Class  obtained.  These  values 
ranged  between  3.2  and  k.3   for  all  the  specimens  tested  and  this  is 
not  a  wide  range  of  values . 

Table  lU  sunmeurizes  the  models  for  the  compressive  strength  at 
15  psi.  Three  models  were  included  for  regressions  run  on  the  72 
observations  and  three  other  models  were  included  for  regressions  run 
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on  the  36  mean  observations.  Table  1^  summarizes  the  models  for  the 
angle  of  internal  friction.  Three  models  are  for  the  72  observations 
and  k  models  are  for  the  36  mean  observations. 

De)clotz(7),  in  his  paper ,makes  use  of  a  term  vhich  he  found  useful 

in  describing  the  quality  of  the  soil.  He  designated  it  as  "D"  and  it 

P.I. 
was  defined  as  the  ratio  j   .      .     It  was  decided  to  make  use  of  this 

vaariable  to  describe  the  quality  of  the  fine  material  instead  of  using 

the  P.I.  and  the  L.L.  as  two  separate  variables.  The  models  obtained 

using  these  variables  were  selected  in  the  same  manner  as  mentioned 

earlier.  They  cure  shown  in  Tables  I6  and  17.  Table  I6  indicates  the 

compressive  strength  at  15  psi  lateral  pressure  and  Table  17  shows  the 

angle  of  intemeO.  friction. 

Some  comments  which  can  be  stated  about  the  regression  program 

outputs  are: 

1.  The  correlations  between  the  different  independent  variables 

were  sometimes  very  high.  Due  to  these  high  correlations  the 

2 
Increase  in  R  after  the  first  variable  was  entered  was  not 

very  high,  i.e.,  the  first  variable  entered  in  the  regression 

was  almost  always  responsible  for  more  than  one-half  of  the 

2 
fined  R  when  all  the  variables  were  in  the  model.  Of  course 

this  would  have  not  been  the  case  if  the  variables  were 

orthogonal . 

2.  It  can  be  seen  that  the  models  which  had  quadratic  terms  had 

2 
a  higher  R  than  the  models  with  no  quadratic  terms. 

Furthermore,  it  can  be  seen  that  there  were  no  cubic  terms 

present  in  the  models  which  were  obtained. 
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In  general,  to  choose  a  model  from  eJ.1  possible  models  available, 

certain  things  need  to  be  kept  in  mind: 

2 

1.  The  model  should  have  a  good  R  vcLlue. 

2.  The  standard  error  around  the  mean  should  be  small. 

3.  The  model  for  the  72  observations  should  agree  to  a  certedn 
degree  with  that  of  the  36  observations. 

k.     Some  Judgement  is  necesseury  as   to  simplicity  and  usability 
of  the  model. 

As  far  as  the  compressive  strength  at  15  psi  lateral  pressure  is 
concerned,  the  model  waa  chosen  from  the  72  observations  rather  than 
the  36  observations.  The  reason  being  that  the  36  observations  in 
this  case  were  the  arithmetic  means  of  the  respective  2  x  36  observei- 
tions  and  it  is  better  to  base  the  model  on  72  observations  rather 
thein  on  36  mean  observations. 

However,  the  36  observations  for  the  angle  of  internal  friction 
are  not  the  arithmetic  means  of  the  72  obseirvations ,  but  rather  a  new 
observation  based  on  a  new  Mohr  envelope.  It  wes  obtained  from  averag- 
ing the  compressive  strengths  at  0  and  15  psi,  therefore,  the  model  of 
the  36  observations  is  appropriate  for  the  angle  of  internal  friction. 
Another  reason  for  this  choice  was  that  the  standard  procedure  requires 
that  the  Texas  Cleiss  be  obtained  after  several  triaxial  tests  at  0  psi 
and  15  psi  have  been  averaiged  and  then  one  Mohr  envelope  be  drawn  on 
the  basis  of  the  average  circles. 

Therefore,  from  Table  ik   the  model  chosen  for  the  compressive 
strength  at  15  psi  lateral  pressure  is: 

a       =  78. U5  +  11.20(P.30)(D.R.)  -  .07»*(P.30)(D.R.  )(P.I. )  + 
.11(P.30)^  -  .62(P.30)^(D.R.) 


U5 


There  is  cilso  another  model  that  vas  found  Interesting  since  it  shows 
a  quadratic  effect  of  the  plasticity  index;  this  is: 

o   «  22.02  +  10.36(P.30)  +  U.5(P.I.)  -  .27(P.30)(P.I. )  - 

.28(P.30)^  -  .03(P.I.)^ 

P.I. 
If  a  model  with  -  ■   as  an  independent  variable  is  desired  rather 

than  P.I.  alone,  the  following  model  chosen  from  Table  l6  can  be  used. 

o-c  =  70.68  +  50.1»35(rT^)  +  12.275(P.30)(D.R.)  -  11.23(P.30) 

Xp  Jj.ij. 

(D.R.)(7~-)  +  .092(P.30)^  -  .511(D.R.)(P.30)^ 
It  is  noted  that  the  models  were  chosen  for  the  72  observations 
and  that  they  are  very  simlleur  to  the  models  for  the  36  mean  observa- 
tions . 

The  models  for  the  angle  of  internal  friction  will  be  chosen  for 
the  36  mean  observations.  From  Table  15   the  following  model  is  chosen: 
♦  =  37.81  +  3.87(P.30)(D.R.)  +  1.28(D.R. )(P.I.)  +  .027(P.30)^  - 
22.31(D.R.)^  +  .00011(P.30)^(P.I.)^  -  .00U2(P.30)(P.I. )^  - 

.197(P.30)^(D.R.) 

P.I. 
And  from  Table  17  and  using  r-r—  instead  of  P.I.  alone: 

ii.  ii. 

^  »  11.53  +  2.8(P.30)  +  6U.21(D.R.)  -  l.llt(P.30)(D.R.)  - 

2.53(P.30)(D.R.)(^ii^)  -  .071(P.30)^  -  2J*.95(D.R.  )^ 
A  final  comment  to  consider  on  these  models  is  the  fact  that  the 

models  for  the  angle  of  internal  friction  are  more  reliable,  since  they 

2 
have  a  higher  R  than  those  for  the  compressive  strength  at  15  psi. 

This  is  cuivantageous  because  the  angle  of  internal  friction  conveys 

more  infonaation.  Furthermore,  it  is  more  reliable  than  the  ccanpres- 

sive  strength  at  15  psi  lateral  pressure,  because  it  is  based  on  five 

experiments  (five  Mohr's  circles). 
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INTERPRETATION  OF  RESULTS 

The  statistical  analysis  in  the  previous  chapter  provide  the 
guidelines  for  the  interpretation  and  evaluation  of  the  results. 

Density  of  Soil-Gravel  Mixtures 
As  mentioned  earlier,  the  moisture -density  graphs  vere  obtained 
for  the  purpose  of  molding  the  triaxied  samples  at  optimum  moisture 
content  (or  maximum  dry  density).  It  vas   noted  that  if  we  draw  a 
graph  of  dry  unit  weight  versus  the  percent  passing  No.  200  sieve 
then  a  curve  of  a  characteristic  shape  is  obtained.  Figure  10  illus- 
trates this  aspect  for  three  kinds  of  soils  of  different  plasticities. 
It  can  he  seen  that  the  maximum  density  is  obtained  when  the  amount  of 
fines  is  between  5  to  10  percent.  There  are  cases  where  two  ordinates 
are  present  for  the  same  absiccae.  This  means  that  the  two  points  are 
for  two  different  gradations  (i.e.,  two  different  dust  ratios).  It  is 
observed  that  in  most  of  these  cases,  the  point  with  the  lesser  dust 
ratio  hoB   the  higher  density.  This  is  logical  since  with  a  lesser  dust 
ratio  the  gradation  tends  to  be  better  graded,  and  approaches  the  maxi- 
mum density  curves  given  by  the  equation: 

P  »  (|)"  X  100J5 

The  results  mentioned  above  agree  with  previous  research  conducted 
by  various  researchers. 
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Atterberg  Limits 
It  vaa  also  noticed  In  the  output  of  the  regression  programs  that 
the  Atterherg  limits  had  a  high  correlation  with  the  dust  ratio.  This 
vas  to  he  expected  since  the  limits  depend  on  the  amount  of  sand  present 
in  the  passing  No.  Uo  sieve  portion  of  the  mix.  Figure  11  shows  the 
variation  of  the  liquid  limit  and  the  plasticity  index  with  the  dust 
ratio.  It  cem  be  seen  that  the  points  in  general  fall  on  straight 
lines  for  different  types  of  fines.  For  any  type  of  fines  (passing 
No.  200),  if  we  get  two  points  on  the  straight  line  (for  two  different 
gradations)  we  can  determine  the  liquid  limit  and  the  plasticity  index 
for  any  other  gradation.  It  is  also  noted  from  the  graph  that  the 
lines  converge  when  the  dust  ratio  decreases  since  the  materials 
approach  the  non-plastic  phase  because  the  mixture  is  becoming  more 
sandy. 

Texas  Triaxlal  Tests 
The  soil-gravel  mixtures  that  were  tested  in  this  program  had  a 
triaxieuL  class  that  ranged  between  3.1  to  U.5.  According  to  the  Texas 
Highway  Department  specifications  as  shown  in  Table  2,  these  mixes 
would  be  satisfactory  subbase  materials  and  materials  Intended  for 
use  as  stabilized  ba^es. 

Triaxlal  Strength  at  13   psl  Lateral  Pressure 
The  first  regression  equation  that  was  chosen  for  predicting  ccsn- 
pressive  strength  is  shown  graphically  in  Figure  12.  The  general 
features  of  this  Figure  are: 

1.  When  the  passing  No.  30  sieve  was  equal  to  lOjK,  the  higher  the 
dust  ratio,  the  better  weis  the  ccupressive  strength,  i.e.,  the 
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more  skip-graded  the  material,  the  more  stable  it  was  for 
small  amounts  passing  the  No.  30  sieve. 

2.  When  the  passing  No.  30  sieve  became  13% y   the  same  trend  was 
shovn,  though  not  so  markedly,  as  can  be  observed  for  the  dust 
ratios  of  0.75  and  1.0. 

3.  For  the  material  that  had  20!{  passing  the  No.  30  sieve  it  is 
observed  that  as  the  dust  ratio  became  larger,  the  stability- 
became  less,  i.e.,  the  more  skip-graded  the  mix  is,  the  less 
stable  it  was. 

k.     The  plasticity  index  as  seen  fl-om  the  graphs  had  a  more  marked 
effect  on  the  stability  of  the  mixtures  as  the  passing  No.  30 
sieve  increased.  It  is  important  to  note,  however,  that  a 
plcmticity  index  of  more  than  six  was  not  harmful,  depending 
on  the  passing  No.  30  sieve  and  the  dust  ratio.  For  example, 
when  the  passing  No.  30  sieve  was  10J5  and  the  dust  ratio  was 
1.0,  the  mixture  was  more  stable  than  almost  all  other  mix- 
tures with  much  lesser  plasticity  indices.  The  general  con- 
clusion most  commonly  expressed  by  memy  engineers  is  that  the 
plasticity  index  greater  than  6%   is  harmful.  However,  this 
is  not  completely  fact\ial  because  all  aspects  of  every  mixture 
should  be  considered.  This  includes  the  amount  of  passing 
No.  30  sieve  (gradation);  the  amount  of  fines  passing  No.  200 
sieve  ( dust  ratio ) ;  and  many  others . 
To  cleurify  this  point,  one  other  equation  chosen  for  compressive 
strength  at  15  psi  is  illustrated  in  Figure  13.  Here  the  dust  ratio 
is  not  included  in  the  model  as   an  Independent  variable  because  of  the 
high  correlation  between  it  and  the  plasticity  index.  Its  effect. 
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however,  is  present  since  the  plasticity  is  higher  when  the  dust  ratio 
is  higher,  as  was  shown  in  Figure  10.  Further  examination  of  Figure 
12  leads  to  the  following  conclusions: 

1.  When  the  passing  No.  30  sieve  was  lOJt  then  the  more  the 
plasticity  index  is  increswed,  the  more  stahle  was  the  mixture. 

2.  When  the  passing  No.  30  sieve  was  15>f,  then  there  was  an 
optimum  plasticity  for  which  the  compressive  strength  is 
highest.  This  was  approximately  at  a  P.I.  of  9%- 

3.  Finally,  when  the  passing  No.  30  sieve  became  20?,  then  the 
plasticity  had  an  adverse  effect,  and  the  greater  the  plewti- 
city  index,  the  poorer  was  the  stability  as  measured  by  the 
compressive  strength  of  the  mixture.  The  best  mixture  here 
would  be  the  non-plastic  one. 

The  Angle  of  Internal  Friction 
The  prediction  eqviation  that  was  chosen  for  the  angle  of  internal 
friction  is  shown  graphically  in  Figure  lU.  Data  from  this  figure 
suggest : 

1.  When  the  passing  Ho.  30  sieve  was  at  10$,  the  dust  ratio  and 
the  plasticity  index  did  not  greatly  affect  the  angle  of  inter- 
nal friction.  But  it  is  apparent  here  that  the  higher  the  dust 
ratio,  the  higher  the  angle  of  interned  friction.  In  other 
words,  the  more  skip-graded  the  mixture  was,  the  better  the 
stability. 

The  effect  of  the  plasticity  index  here  depended  on  the 
various  dust  ratios.  For  the  low  dust  ratio  of  0.25»  the 
angle  of  internal  friction  increased  with  an  increase  in 
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plasticity  index.  For  a  dust  ratio  of  0.5.  there  was  an 
optimum  plasticity  index  value,  as  shown  in  Figure  13,  that 
is  approximately  11/f.  For  a  dust  ratio  of  0.75»  the  optimum 
plasticity  index  shifted  to  about  15/J,  and  for  a  dust  ratio 
of  1.0,  the  optimum  plasticity  index  was  approximately  20?. 

2.  When  passing  No.  30  sieve  vas  1555,  the  effect  of  the  plasti- 
city index  became  more  significant.  In  this  case,  as  the 
dust  ratio  increased,  the  angle  of  internal  friction  did 
not  necesseurily  increase.  It  increased  to  a  certain  limit, 
depending  on  the  plasticity  index.  It  is  observed,  for 
example,  that  for  a  dust  ratio  of  1.0  (skip-graded)  the 
cmgle  of  internal  friction  was  almost  always  less  than  that 
for  the  3  other  dust  ratios. 

For  the  low  dust  ratio  of  0.25,  the  angle  of  internal  fric- 
tion increased  with  an  increase  in  P.I.  For  a  dust  ratio 
of  0.5  the  optimum  P.I.  was  approximately  B%.     For  a  dust 
ratio  of  0.75  the  optimum  P.I.  was  about  1355  and  for  a  dust 
ratio  of  1.0  the  optimum  P.I.  was  about  l6/f.  It  is  noted 
that  these  optimum  plasticity  indices  are  generally  less 
than  the  optimum  plasticity  indices  for  passing  No.  30  sieve 
of  10?. 

3.  When  the  passing  No.  30  became  20?,  it  was  observed  that 
quite  an  opposite  occurrance  took  place,  as  compeared  to  the 
first  case  when  passing  No.  30  sieve  was  10?.  Here,  as  the 
dust  ratio  increased,  the  angle  of  internal  friction  became 
significantly  lower.  The  case  of  completely  skip-graded 
material,  as  seen  in  Figure  13,  have  quite  low  values  of  the 
angle  of  internal  friction. 
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Also,  the  effect  of  the  plasticity  index  became  more  pro- 
nounced when  the  mix  contained  20^  passing  the  No.  30  sieve. 
For  a  dust  ratio  of  0.25,  there  is  an  optimum  P.I.  at  h% 
(virtually  non-plastic).  For  the  dust  ratios  of  0.50  and 
0.75,  the  lower  the  plasticity  index  the  greater  the  stability 
(higher  angles  of  internal  friction).  For  the  dust  ratio  of 
1.0,  the  optimum  P.I.  was  approximately  l6%.     Therefore,  the 
leurger  the  plasticity  index,  the  more  harmful  the  effect  on 
the  stability  of  this  mixture. 

Here  also  the  optimum  P.I.'s  decreased,  as  compared  with  the 
first  two  cases.  This  leads  to  the  conclusion  that,  as  the 
passing  No.  30  sieve  increases,  the  optimum  P.I.  for  maximvm 
stability  decreases,  for  different  dust  ratios. 

Effect  of  Ratio  P.I./L.L. 

The  predition  models  to  be  examined  here  are  those  where  the 
quality  of  soil  (P.I./L.L.)  is  used  as  an  independent  variable  instead 
of  P.I.  alone.  The  p\irpose  of  examining  these  models  is  to  see  if  the 
conclusions  here  agree  with  those  obtained  earlier  by  Deklotz(7). 

Figure  15  illustrates  the  variation  of  compressive  strength  at 
15  psi  lateral  pressure  with  the  quality  of  soil.  Figure  l6  illus- 
trates the  variation  of  the  angle  of  internal  friction  with  the  same 
variable . 

Comparing  Figures  15  and  12,  it  becomes  obvious  that  the  same 
general  conclusions  hold  for  the  two  equations.  It  is  noted  that  for 
small  amounts  of  passing  No.  30  sieve,  skip-grading  of  the  material 
between  the  No.  30  and  No.  200  sieves  results  in  higher  stabilities 
than  well  graded  material.  Also  the  P.I.  has  a  very  minor  harmful 
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effect.  On  the  other  hand,  for  a  large  amount  of  paaaing  No.  30 
sieve,  skip-grading  between  the  No.  30  and  No.  200  sieves  is  harmful 
especially  when  the  plasticity  index  of  the  fines  ia  high. 
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CONCLUSIONS 

All  conclusions  stated  herein  are  based  upon  laboratory  triaxial 
tests  and  are  necessarily  limited  to  the  materials  and  condition  of 
tests  used  in  this  study.  The  results  of  this  study  indicate  that  a 
reliable  stability  test  should  be  conducted  on  soil-gravel  mixtures 
to  determine  their  euiequacy  as  base  or  subbase  course  materials. 
Classification  tests,  prescribed  limits  set  by  specifications  on 
gradation,  and  Atterberg  limits  tests  may  not  be  a  sufficient  basis 
for  Judgement. 

The  purpose  of  this  study  was  to  determine  the  effect  of  three 
variables  on  the  stability  of  soil-gravel  mixtures.  These  variables 
vere:   (l)  the  amount  of  material  pewsing  the  No.  30  sieve;  (2)  the 
amount  of  fines  (passing  No.  200  sieve),  or  the  effect  of  varying  the 
dust  ratio  (ratio  of  P.  200  to  P.  30);  and  (3)  the  quality  of  fines 
as  measured  by  the  liquid  limit  and  the  plasticity  index. 

It  should  be  empheisized  that  these  conclusions  are  beused  only  on 
the  restilts  of  Texas  triaxial  test  for  stability.  Factors  such  as 
I>ermeability ,  climate,  pumping,  etc.  vere  not  evcLluated. 

1.  For  the  aggregate  tested,  when  the  amo\int  of  material  passing 
the  No.  30  sieve  vas  low  (lO/t),  the  plasticity  index  did  not 
have  a  harmful  effect  with  regard  to  stability.  In  fact,  some 
plasticity  proved  to  be  desirable. 
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In  this  case  (passing  No.  30  >  10/(),  the  dust  ratio  was  a 
acre  importamt  variable  than  the  plasticity  index,  as  shown 
in  Figvires  12  and  ik.     Here,  for  a  given  value  of  P.I.  the 
higher  the  dust  ratio  the  better  the  stability.  Skip-grading 
the  material  between  the  No.  30  and  the  No.  200  sieves  improved 
the  stability  of  the  soil-gravel  mixture. 

2.  When  the  passing  Ho.  30  sieve  wm  high  (20/t),  the  plasticity 
index  began  to  influence  the  stability,  particularly  at  high 
dust  ratios.  It  was  beneficial  to  have  lower  dust  ratios, 
with  remaining  variables  kept  constant,  as  shown  in  Figures 
12  and  lU.  Here  skip-grading  the  material  betveen  the  No.  30 
and  No.  200  sieves  was  harmful.  In  this  case,  the  data  indi- 
cate a  plasticity  index  of  approximately  SJ,  regardless  ©f  the 
existing  dust  ratio, was  best. 

3.  For  intermediate  values  of  passing  No.  30  sieve  (155?),  the 
behavior  of  the  soil-gravel  specimens  became  rather  compli- 
cated. This  situation  resulted  in  a  compromise  between  the 
first  two  cases  and  both  plasticity  index  and  the  dust  ratio 
combine  to  affect  stability. 
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APPEKDIX  A 


TABLE     A-I.      Compaction   Test    Data 


6U 


PERCENT 

DUST 

RATIO 

PASSING 
NO.  30 
SIEVE 

1.0 

0.75 

0.50 

0.25 

w 

h 

w 

h 

w 

h 

w 

^d 

10 

C 

5.7 

140.6 

5.7 

141.4 

6,4 

139.0 

6.9 

134.9 

B 

5.9 

138.3 

6.8 

137.6 

6.3 

141. 1 

6.8 

140.6 

R 

7.3 

I3S8 

6.6 

138.2 

6.7 

139.3 

6.5 

136.4 

15 

C 

6.0 

140.0 

5.8 

141.5 

5.7 

141.9 

5.8 

139.8 

B 

6.9 

135.2 

6.9 

136.5 

6.4 

140.6 

6.5 

140.3 

R 

79 

135.0 

6.7 

137.6 

6.2 

141.0 

6.4 

140.0 

20 

C 

7.4 

1372 

6.4 

139.6 

5.2 

143.5 

5.4 

141.6 

B 

7.4 

135,0 

7.2 

135.0 

5.7 

140.5 

5.9 

142.0 

R 

8,1 

132.8 

7.5 

135.4 

6.8 

138.6 

6.0 

141.7 

LEGEND 

C-  Crosby    Soil 
B—  Brooksfon    Soil 
R-  Limestone    Residual 
w—  Percent    Moisture 
h—  Dry    Density 
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TABLE     A-2. 


Texas    Triaxial    Class 
Results 


PERCENT 
PASSING 

DUST 

RATIO 

NO.  30 
SIEVE 

1.0 

0.75 

0.50 

0.25 

10 

C 

3.4 

,     3.7 

3.7 

,     3.8 

3.7      , 

3.8 

3.7     ,     3.8 

B 

3.2 

,     3.6 

3.5 

,     3.6 

3.4     , 

3.8 

3.7     ,     3.9 

R 

3.4 

,     3.5 

3.5 

,     3.6 

33     , 

3.6 

3.8     ,     3.8 

15 

C 

3.1 

,     3.4 

3.5 

,     3.6 

3.7     , 

3.7 

3.7     ,     3.8 

B 

3.3 

,     3.5 

3.5 

,     3.8 

3.3     , 

3.4 

3.4     ,     3.7 

^R 

4.1 

,     4.0 

3.4 

,     3.5 

3.4     . 

3.6 

3.6     ,     3.7 

20 

C 

4.1 

,     4.2 

3.6 

.     3.7 

3.1      , 

3.4 

3.5     ,     3.5 

6 

3.9 

,    3.95 

3.9 

,     3.9 

3.6    ; 

3.6 

3.4    ,     3.6 

R 

3.8 

,     4.2 

4.3 

,     4.5 

3.9     , 

4.1 

3.4     ,     3.9 

LEGEND 

C-  Crosby    Soil 
B—  BrooKsfon    Soil 
R—  Limestone    Residual 


€>e 


TABLE     A-3.       Compressive    Strength    at 

I5p.s.i.    Lateral    Pressure 


PERCENT 
PASSING 

DUST 

RATIO 

NO.  30 
SIEVE 

1.0 

0.75 

0.50 

0.25 

10 

C 

116.8    ,    129.7 

III. 9     , 

110,6 

108.8    , 

108.9 

94.7  , 

977 

B 

117.2    ,    1253 

119.7 

126.2 

113.7    , 

120.5 

98.5  , 

113.5 

R 

113.9    ,  121.0 

II  5.1 

121.6 

106.1    , 

110.3 

93.5  , 

lOO.I 

15 

C 

118.0    ,   12  3.9 

110.3 

132.7 

III. 2     , 

III.4 

95.8  , 

123.3 

B 

102.6  ,    114.7 

101.0 

101.8 

119.7    , 

121.2 

104.1    , 

114.0 

R 

7  2.8  ,     74.4 

lOO.I 

,    119.8 

II  1.0    , 

126.3 

9  9.6, 

100.6 

20 

C 

60,7  ,      64.1 

88.6 

1076 

113.0    , 

133.0 

118.5    , 

118.8 

B 

64.1    ,     70.7 

85.7 

88.7 

99.6  , 

107.0 

108.7  , 

122.6 

R 

611     ,     72.1 

49.7 

57.5 

70.6  , 

878 

109.5, 

121.3 

LEGEND 

C-  Crosby    Soil 
B-  Brookslon    Soil 
R— Limestone    Residual 
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TABLE    A-4       Angle  of   Internal   Friction 


PERCENT 
PASSING 

DUST 

RATIO 

NO.  30 
SIEVE 

1.0 

0.75 

0.50 

0.25 

10 

C 

48 

49 

46.5    ,      48 

48 

47 

43 

43 

B 

46 

47.5 

475    ,     49 

48.5 

47 

475 

4  45 

R 

47 

46 

4  8.5  ,     48.5 

46.5 

,     45.5 

49 

48 

15 

C 

45 

47 

50      ,      45.5 

47      , 

47 

50 

46 

B 

46 

42 

42.5  ,     44.5 

45.5 

48 

45.5 

45 

R 

37.5 

37 

48      ,     43 

48 

47 

43.5 

,     45 

20 

C 

29.5 

29.5 

45.5         41.5 

48 

45.5 

48.5 

48.5 

B 

33.5 

30 

40      ,      40 

45 

43 

48     . 

47 

R 

31 

24 

28.5   ,      25.5 

40 

36 

47.5  , 

475 

LEGEND 

C-Crosby     Soil 
B-Brooksfon     Soil 
R— Limestone    Residual 
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TABLE     A- 5. 


Texas     Triaxial      Class 
Results 


PERCENT 
PASSING 

DUST 

RATIO 

NO.   30 
SIEVE 

1.0 

0.75 

0.50 

0.25 

10 

C 

3.5 

3.7 

38 

3.8 

B 

— 

34 

3.6 

3.6 

3.8 

.    _- 

R 

3.4 

3.5 

3.6 

3.8 

15 

C 

3.2 

3.5 

3.7 

3.8 

B 

3.4 

3.6 

3.3 

3.5 

R 

4.1 

3.5 

35 

3.7 

20 

C 

4.1 

3.65 

3.2 

3.5 

B 

4.1 

3.9 

3.6 

3.5 

R 

4.1 

4.3 

4.0 

3.6 

LEGEND 

C- Crosby     Soil 
B-  BrooKsfon    Soil 
R— Limestone     Residual 
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TABLE     A- 6. 


Compressive     Strength     at 
I5p.s.i.      Lateral      Pressure 


PERCENT 
PASSING 

DUST    RATIO 

NO.    30 
SIEVE 

1.0 

0.75 

0.50 

0.25 

10 

C 

123.3 

1  1  1.3 

108.8 

96.2 

B 

121.3 

123.0 

115.9 

106.0 

R 

117.5 

128.4 

108.2 

96.8 

15 

C 

121.0 

121.5 

II  1.3 

10  9.2 

B 

108.7 

101.4 

120.5 

109.0 

R 

73.6 

109.9 

118.7 

9  9.8 

20 

C 
B 

62.4 
6  7.4 

98.1 

12  3.0 

118.7 

87.2 

103.3 

110.7 

R 

6  6.6 

53.6 

79.2 

115.4 

LEGEND 

C- Crosby    Soil 

B-  Brookston    Soil 

R  -  Limestone    Residuol 
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TABLE    A-7.         Angle     of     Internal     Friction 


PERCENT 
PASSING 

DUST    RATIO 

NO.  30 
SIEVE 

■ 
1.0 

0.75 

0.50 

0.25 

10 

C 

49.5 

475 

4  75 

430 

B 

47.0 

49.0 

4a.o 

46.5 

R 

47.0 

500 

4  5.0 

43.5 

15 

C 

4  6.5 

48.0 

47  0 

475 

B 
R 

45.0 

44.0 

48.0 

4  6.0 

33.5 

46.0 

47.0 

435 

20 

C 

32.5 

435 

46.5 

48.5 

B 

32.5 

40,0 

44.0 

470 

R 

29.7 

27.0 

39.3 

477 

LEGEND 

C-Crosby     Soil 
B-Brookston    Soil 
R-Limestone     Residue! 


